Bulletin of Electrical Engineering and Informatics 
Vol. 8, No.3, September 2019, pp. 933~940 
ISSN: 2302-9285, DOI: 10.1159 1/ee1.v8i13.1511 O 933 


On the analysis of received signal strength indicator 


from ESP8266 


Rafhanah Shazwani Rosli, Mohamed Hadi Habaebi, Md Rafiqul Islam 


Department of Electrical and Computer Engineering, International Islamic University Malaysia, Malaysia 


Article Info 
Article history: 


Received Oct 9, 2018 
Revised Jan 18, 2019 
Accepted Feb 1, 2019 


Keywords: 


Energy security 
Esp8266 

Received signal strength 
Receivers 


ABSTRACT 


Recently, the concept o Internet of Things has gained a tremendous 
momentum in the technological world. Internet of Things efficienty connects 
devices hence improving their quality of life from various aspects. One of the 
most heavily used device for Internet of Things application is ESP8266 WiFi 
serial transceiver module. It features access to the Received Signal Strength 
Indicator readings from the module. In this paper, a characteristic analysis of 
the Received Signal Strength Indicator readings collected using ESP8266 
WiFi serial transceiver module is carried out. The aim is to explore the future 
possibilities of Received Signal Strength Indicator value as a stand-alone and 
unique parameter to be used in various applications especially in the domain 
of Internet of Things. In addition, the potential of the cheap yet sophisticated 
ESP8266 WiFi serial transceiver module is also highlighted. The findings 
have shown an insight into the characteristics of Received Signal Strength 


RSSI Indicator readings and how it can be utilized for other different purposes. 
Transceivers The findings have brought up a few stimulating issues that may arise from 
Transmitters some implementation of Received Signal Strength Indicator readings such as 
Wireless fidelity the significant effect of obstruction in the Line of Sight. However, its 
solution will thrust the Internet of Things’ technological advancementsahead. 
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1, INTRODUCTION 

Received Signal Strength Indicator (RSSI) is a parameter widely known in the area of wireless 
networking environment. RSSI of an IEEE 802.11 system is the approximate strength of received signal in 
arbitrary units. The value of RSSI can be obtained from the processing of voltage changes as measured by the 
receiver’s circuit [1]. However, reading of RSSI is not related to any standard physical parameter as defined 
by 802.11 standards. The readings of RSSI are correlated with the distance between the transmitter and 
receiver. There are several factors that may affect the RSSI value perceived by the receiver. Some of the 
factors are reflection, diffraction, signal source and also obstruction in the path of the radio signal wave. 

WiFi serial transceiver module discussed in this paper is ESP8266 WiFi serial transceiver module. 
It is a self-contained system on chip integrated with TCP/IP protocol stackthat would allow access to WiFi, 
WiFi direct Peer-to-Peer (P2P) and soft Access Point (AP) mode.It supports APSD for VoIP application and 
also Bluetooth co-existence interfaces. ESP8266 is also equipped with a self-calibrated RF. This feature 
allows it to work under all operating conditions and requires no external RF parts [2]. There are various 
models of ESP8266 WiFi serial transceiver module. The most basic and general version, which is 
ESP8266-01 is sufficient to be used for the analysis in this paper. Figure | shows the ESP8266-01 model 
with its pins distribution and size measurement. Through its general-purpose input/output (GPIO) pins, 
the module is able to be integrated with sensors or any other application specific devices. It has an onboard 
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processing and storage capability enabling it to be integrated with sensors or many other devices for Internet 
of Things application. 





Figure 1. ESP8266-01 pins distribution and size measurement 


RSSI has been discussed in numerous researches. The method to process RSSI values and 
implement it for various Internet of Things applications has become an interest to many researchers. 
Recent studies have introduced new and innovative usage of RSSI for human position estimation method. 
The implementation can be applied as an imperative function for secure and safe services and energy 
efficiency of small areas. However, a research shows 25% decline in performance when the experiment was 
conducted in different locations such as laboratory and library [3]. The entropy of information extracted from 
RSSI samples sequence can be applied in human presence detection method as presented in [4]. 
RSSI variations at the receiver’s input of radio transceivers vicinity may be caused by the presence of a 
human. Therefore, by quantifying and analyzing irregularities in the radio signature, human presence in an 
indoor environment can be recognized. Furthermore, RSSI can be utilized in localization. For example, a 
pedestrian monitoring system using WiFi technology is presented in [5]. RSSI is employed from multiple 
anchor nodes from an operating wireless sensor network in the proposed system in [6] to track indoor 
pedestrian with on-body multiple receivers. 

Hence, the objective of this paper is to analyze the characteristic of RSSI readings collected using 
ESP8266 WiFi serial transceiver module. Consequently, portraying the future possibilities of RSSI to be used 
in different applications and implementations. This paper features an extensive work, as demonstrated in [7]. 
This paper is also correlated to the work in [8]. The organization of this paper is in the following manner. 
Section 1 is the Introduction that briefly explains the general background of RSSI and the WiFi serial 
transceiver module, related researches and the aim of this paper are also discussed. Section 2 presents the 
method used to analyze the characteristic of RSSI from ESP8266 WiFi serial transceiver module. Section 3 
presents the results obtained from experimentations along with its discussion. Section 4 concludes the paper. 
Lastly, acknowledgment, references and biographies of authors are included in the last three sections. 


2. RESEARCH METHOD 

The characteristic of RSSI readings collected using ESP8266 WiFi serial transceiver module is 
analyzed from two aspects. The first aspect is on how obstruction in the Line of Sight (LoS) of RSSI affects 
the RSSI readings. The second aspect is on how sampling rate and human crossing at the LoS of RSSI affect 
the RSSI readings. Both aspects are investigated under different experimental setups. The ESP8266 WiFi 
serial transceiver module is programmed with the algorithm to behave as either transmitter or receiver. 
The transmitter ESP8266 is programmed to act as an access point that has a unique SSID and password. 
The receiver ESP8266 is programmed to connect to the WiFi Protected Access 2 (WPA2) network of the 
transmitter ESP8266 and read its RSSI value. 

The first experiment is to investigate the effect of obstruction to RSSI readings. Obstruction in this 
experiment is defined as the physical matter that impedes the direct free-space path or Line of Sight (LoS) 
between the ESP8266 transmitter and receiver. Figure 2 shows the experimental setup to investigate the 
effect of obstruction to RSSI readings. 
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The experiment takes place in an office room where the transmitter 1s positioned on the desk I metre 
off the ground. The distance between the transmitter and receivers is Imetre. Receiver | is positioned on the 
same level as the transmitter and is used to observe RSSI value of unobstructed LoS. Receiver 2 is also 
positioned on the same level as the transmitter but outside of the closed office room to observe the RSSI 
value of obstructed LoS. An overt physical obstruction between the transmitter and receiver 2 is a brick wall 
with 75mm thickness. 

The second experiment is to investigate the effect of sampling rate and human crossing to RSSI 
readings. Sampling rate is the number of RSSI reading taken by the receiver per second. The sampling rate is 
programmed by inserting a time delay in the receiver’s algorithm loop. In this experiment, the time delays 
observed are in the interval of 100ms and start with 5ms as it is the closest possible delay to Oms. The time 
delay is then converted to sampling rate using (1). 


Sampling Rate= (1) 


Time Delay 


Figure 3 shows the experimental setup to investigate the effect of sampling rate and human crossing 
to RSSI readings. The transmitter and receiver are positioned Imetre apart from each other and Imetre above 
the ground. They are located in between a door opening to let a human subject cross the LoS between the 
transmitter and receiver. The same human subject is used throughout the experiment. 


O Recehver’ ‘EXIT 


Obstructed -‘ 
LoS of RSSI : 
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Receiver 1 LoS of RSSI 





Figure 2. Experimental setup to investigate the effect of Figure 3. Experimental setup to investigate the 
obstruction to received signal strength effect of sampling rate and human crossing to 
indicator readings [7] received signal strength indicator readings [7] 


3. RESULTS AND ANALYSIS 
The two experiments as explained in Section 2 are conducted. The resulting graphs and data are 
presented in this section. 


3.1. The effect of obstruction in the line of sight 

To observe the effect of obstruction in the LoS, two samples of 1000 RSSI readings are obtained 
with the sampling rate of 10Hz from receiver | and receiver 2. Receiver 1 samples unobstructed RSSI 
readings and receiver 2 samples obstructed RSSI readings. The result of the first experiment is as shown in 
the graph of Figure 4. The minimum value, maximum value, mean and standard deviation of the two RSSI 
readings samples obtained from the first experiment are calculated and tabulated in Table 1. 
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RSSI readings of obstructed and unobstructed LoS 
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Figure 4. Received signal strength indicator readings for obstructed and unobstructed line of sight 


Table 1. Descriptive statistics of received signal strength indicator samples from obstructed and unobstructed 
line of sight 
LoS Min (dBm) Max(dBm) Mean(dBm) Standard Deviation 


Obstructed -61 -58 -60 0.55 
Unobstructed -43 -42 -42 0.45 


There are conspicuous differences between the statistics of the obstructed and unobstructed samples. 
The minimum RSSI value of obstructed sample is -61dBm and for unobstructed sample is -43dBm. 
The maximum RSSI value of obstructed sample is -58dBm and for unobstructed sample is -42dBm. The 
average RSSI value of obstructed sample is -60dBm and for unobstructed sample is -42dBm. The standard 
deviation of obstructed RSSI sample is 0.55 and for unobstructed RSSI sample is 0.45. 

There are concerning effects that can be observed from the statistics. Obstruction causes the strength 
of the received signal to significantly reduce. Comparing to the mean of unobstructed RSSI sample, the mean 
of obstructed RSSI sample is 30% less. The standard deviation of obstructed RSSI sample is 22.22% higher 
than the standard deviation of unobstructed RSSI sample which means that the RSSI readings fluctuate more 
due to obstruction. In another perspective, RSSI can be described in relation to distance from the 
Log-Distance path loss model in (2) [9]. 


RSSI=-10n log,, (=) oe, (2) 


where; 
n=Signal propagation exponent 
d=Distance between transmitter and receiver 
Ao=Referenced RSSI value at do 


The RSSI readings from obstructed RSSI sample can be validated by computing the value of 
using (2). Let n=2 which is the signal propagation exponent for indoor settings [10]. The distance between 
receiver 1 and the transmitter is do==lm. The mean of unobstructed RSSI sample is considered as the 
referenced value of RSSI at do, Ao=-42. The value of d is obtained by substituting the mean of obstructed 
RSSI sample into (2). The solution is as follows: 


(-60)=-10(2) logio (d/ (1)) + (-42) 
-18=-20 logio d 
0.9=logio d 
d=10°° 
d=7.94 m 


Based on the value obtained from the solution above, the distance between receiver 2 and the 
transmitter is 7.94m. The % error of the distance measurement is then calculated using (3). 


(Known Value — Obtained Value) 


% Error= 
Known Value 


x100 (3) 
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(1 — 7.94) 
1 





% Etror= | x100=694 





An obstruction of a brick wall with 75mm thickness causes 694% of error to RSSI readings. 
Such colossal error is a big hindrance especially if RSSI is to be used in distance-related implementation. 
It is also safe to assume that different material with different thickness will produce a variation of % error. 
This assumption is supported by the Shapiro- Wilks tests for obstructions in [11]. 


3.2. The effect of sampling rate and human crossing 

To observe the effect of sampling rate and human crossing, six samples of RSSI readings are 
obtained. Each sample of RSSI readings is taken with different sampling rate during crossing and non- 
crossing. The resulting graphs of RSSI readings are shown in Figure 5, Figure 6, Figure 7, Figure 8, Figure 9, 
and Figure 10 which are taken at sampling rate of 2Hz, 2.5Hz, 3.33Hz, 5Hz, 1OHz and 200Hz respectively. 
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Figure 5. RSSI readings at sampling rate of 2Hz Figure 6. RSSI readings at sampling rate of 2.5Hz 
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Figure 7. RSSI readings at sampling rate of 3.33Hz Figure 8. RSSI readings at sampling rate of 5Hz 
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Figure 9. RSSI readings at sampling rate of 10Hz Figure 10. RSSI readings at sampling rate of 200Hz 
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From the graphs, it can be observed that the RSSI readings are noisy during no crossing of human 
subject. During crossing, as the human subject enter the LoS, the value of RSSI readings dropped 
significantly to a negative peak and rise back as the human subject leave the LoS. Crossing of human subject 
causes the RSSI readings to drop as propagation signal is attenuated due to shadowing effect at the path of 
LoS [12]. 

The descriptive statistics of datasets for all six sampling rates are calculated and tabulated in 
Table 2. The parameters observed during no crossing of human subject is the minimum value, maximum 
value, mean and standard deviation of RSSI readings samples. The parameter observed during crossing of 
human subject is the negative peak or the minimum value of RSSI readings in the sample taken during 
crossing. 


Table 2. Descriptive statistics of received signal strength indicator samples fromvarious sampling rate and 
human crossing scenario 


Sampling No crossing During crossing 
Rate (Hz) Min (dBm) Max (dBm) Mean (dBm) Standard Deviation Negative Peak (dBm) 
2 -37 -32 -35 1.10 -50 
2 -36 -32 -34 1.11 -52 
5.53 -36 -32 -35 0.93 -49 
5 -36 -32 -34 1.01 -57 
10 -37 -33 -35 0.85 -55 
200 -37 -32 -35 1.05 -54 


From the values in Table 2, it can be observed that there are no significant differences in the 
minimum and maximum values between all the samples of different sampling rate. This is because all 
samples are taken at the same experimental setup and no obstruction is present at the LoS. There are slight 
differences in the resulting standard deviation values as portrayed in a graph shown in Figure 11. 
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Figure 11. Standard deviation at diferent sampling Figure 12. Graph of negative peaks at different 
rates sampling rates 


Standard deviation is an important parameter to observe the fluctuation of RSSI readings which may 
bring insights to the signal noises. From the values of standard deviation between the six sampling rates, 
it can be observed that the relationship of sampling rate and standard deviation is indirectly proportional. 
A logarithmic line of best fit 1s computed where y is the standard deviation and x is sampling rate. 
If a different sampling rate is to be used, the standard deviation would not deviate much from the line of best 
fit. Hence, RSSI reading is not affected significantly by sampling rate. The value of negative peaks obtained 
during the crossing of a human subject at different sampling rates 1s as shown in the graph of Figure 12. 
A logarithmic line of best fit is computed where y is the RSSI value at negative peak and x is sampling rate. 

As different human subject may attenuate the RSSI readings differently, negative peak can be a 
unique radio frequency signature profiling parameter of a human subject. However, from the value of 
negative peaks obtained from the experiment, it 1s observed that the negative peak of one human subject is 
not constant over different sampling rate. There may be different causes to the reading differences such as the 
movement pace of human subject while walking across the LoS. A slower pace affects the RSSI readings 
more compared to a faster pace [13-15]. 
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4. CONCLUSIONS 

In conclusion, the characteristic analysis of RSSI readings using ESP8266 WiFi serial transceiver 
module has been executed and presented in this paper. Two aspects are discussed which are the effect of 
obstruction at LoS and the effect of sampling rate and human crossing. Each aspect is investigated under 
different experimental setups.RSSI readings are heavily affected by obstruction at the LoS between a 
transmitter and receiver.Therefore, if RSSI is to be used for distance-related implementation, an extensive 
research is needed to develop a sophisticated algorithm to overcome the effect of obstructions in RSSI 
readings.Looking at it in another perspective, the effect of obstruction on RSSI readings can be beneficial 
subjected to a proper implementation such as distinguishing different thickness of a material. There is no 
significant effect of sampling rate on RSSI readings. However, human crossing at the LoS between a 
transmitter and receiver attenuates RSSI readings significantly due to shadowing effect. In addition, the use 
of negative peak value resulted from human crossing can be utilized as a unique radio frequency signature 
profiling parameter of a human subject. An extensive research on developing a robust radio frequency human 
signature profiling algorithm using RSSI readings is highly favored. Furthermore, theinvention can be 
implemented in human presence detection and identification system that can be used for multiple purposes 
which bring positive impact in the security and Internet of Things’ technological advancements. 
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